Three-dimensional structure of complexes of single-stranded DNA-binding proteins with DNA. IKe and fd gene 5 proteins form left-handed helices with single-stranded DNA.
Specimen-tilting in an electron microscope was used to determine the three-dimensional architecture of the helical complexes formed with DNA by the closely related single-stranded DNA binding proteins of fd and IKe filamentous viruses. The fd gene 5 protein is the only member of the DNA-helix-destabilizing class of proteins whose structure has been determined crystallographically, and yet a parameter essential to molecular modeling of the co-operative interaction of this protein with DNA, the helix handedness, has not been available prior to this work. We find that complexes formed by titrating fd viral DNA with either the fd or IKe gene 5 protein have a left-handed helical sense. Complexes isolated from Escherichia coli infected by fd virus are also found to be left-handed helical; hence, the left-handed fd helices are not an artefact of reconstitution in vitro. Because the proteins and nucleic acid of the complexes are composed of asymmetric units which cannot be fitted equivalently to right-handed and left-handed helices, these results rule out a previous computer graphics atomic model for the helical fd complexes: a right-handed helix had been assumed for the model. Our work provides a defined three-dimensional structural framework within which to model the protein-DNA and protein-protein interactions of two structurally related proteins that bind contiguously and co-operatively on single-stranded DNAs.